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ABSTRACTS 

Assuming that the objectives for maicing an inventory of 
natural resources in a given area can be met by interpretation 
of land sat multi spectral scanning (M.S-S-) imagery and subsequent 
field and laboratory investigations, the first step at the 
preparation stage clearly is the acquistlon of the most relevant 
satellite data. However, an understanding of the basic image 
selection procedure alone is not sufficient to achieve optimum 
results* Therefore a practical methodology such as describe in 
this thesis is considered to be vital* 

Visual interpretation of Landsat M.S.S. imagery differs 
from small scale aerial photo interpretation in spatial, spectral 
and temporal resolution* The latter two aspects allow for the 
design of a methodology in which optimum use can be made of 30^ 
called static and dynamic image interpretation elements. Static 
elements such as drainage pattern, alignments and landform are 
less seasonal dependent but of course influenced by image quality 
and oloud cover. Dynamio elements such as drainage condition, as 
reflected by moisture status, vegetation and agrioultural land 
use are season dependent. Bach of the above elements which to be 
integrated into the final physiographic analysis is interpretate d 
in tho best spectral band and season there off Ohe area of study 
IS taken of the lehradun region, (U*P.), Northern India. 



1 


CHAPTER - I 

INTRODUCTION & OBJECTIVE 


'I • *1 INTRO DUCTION 

Eor elfoctivG ajid efficient small scale resources surveys 
of large areas in developing countries the use of DANDSAT 
i'/IULTI SPEC TRAD SCANNING- (MSS) imagery can be a tremendous aid 
prior to or in conjunction with, modern aerial pho bo interpretation 
teoliniquo • 

A whole range of landsat products and interpretation 
facilities are available now-a-days both for visual interpretation 
as well as computer assisted analysis* However, in developing 
countries there is an need for an intermediate technological 
approach to Landsat imago interpretation* Such an approach 
would involve visual interpretation of black & white colour 
composite produced as prints or transparencies in working scales 
varying from 1 s 150, 000 to 1 s 100, 000, 00 using s impale 
instruments * 

In areas where no aerial photography is available this 
may serve as a tool at the exploratory or inventory level for 
further planning of aerial and coverage of the most promising 
areas for agricultural development* In other cases it serves to 
complement inventories or reconnaissance surveys where small 
scale aerial photography is applied as well* 
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Compared with small scale aerial photography, land sat 
imagery has definite advantages in the domain of the multi spectral 
and multi temporal scanning of the earth's surface. Althou^ at 
present land sat has a low spatial resolution and its imagery still 
offers only limited possibilities for stereosoopic vision, it is 
expected that those drawbacks will be improved considerably in 
future satellite systems. 


The imagery used for the interpretation of natural resources 
covers the Doon Valley and surrounding hills with boundaries as 
follows • 


North 
Bast 
So uth 
West 


Yamuna River and Algar River 
Canga River 

Boundary of Sivalik with plains. 
Yamuna River 


The area is situated betv/een 77° 30' and 78° 15’ longitude 
and 30 ° and 30 ° 30' lattitude covering an area of approximately 
3000 square kilometers. It comprises 3 broad geologic units. 

1. The Siwalik range in the vSouth. 

2* The Boon Valley forming a trough in the centre. 

3 * The Himalayan foot hill range of Mussorrio in North. 

The Siv/alik hills deriving from the Northern Himalayas 
certain tertiary rooks. The Boon Valley consists of young 
sedimentary material over tertiary rooks and is divided by a 



3 


fault lino from the rocks on the lower Himalayas, ©i&so Bxe old 
tortiory to Pre canHean in origin# 

Tlio Boon Valley is 70 km long and 20 km wido and the land 
la mainly under cultivation . Tho forest areas arc situated on 
the slopes of Siv/alik hills and tho Himalayas. THe vegetation 
ranges frojn tropical in plains to temperate in the Himalayas 
( Pig . 1.1). 

The LANDS AT - 2 images used in this study wore the four 
I.ISS hands 4? 5> 6, 7 exposed on 12th February 1973? scale 1s1 M 
and Landsat - 4 imago a soalo 1 j 250, 000. All four bands v/ero of 
good (luali ty without interference from clouds* The MSS bands 
used v\^Gre No. 4 to 7 in which wave length ares- 

Band 4 (^roen) 0.5 to 0.6 micrometers 

Band 5 (lower red) 0,6 to 0.7 micrometers 

Band 6 (upper red- 0.7 to 0,8 micrometers 

lower in-frared) 

Band 7 (infrared) 0.8 to 1.1 micrometers 


1.2 QBJECTIVgS 

Tho objective 6 of the work lo to oarry out rosouroes survey 
of Dohra Dun by the use of the follov/ings- 

i) Preparation cfa map of dr a in ag) pattern of tho area 


which covers 
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(a) Siv/alilc Range in South 
(h ) The Boon Valley 

(c) The Himalayan foot hill range of Mussoorie in North 

(li) l^raclng the alignment or lineament of above area 
(lii) To sho\7 the landforra of above area 

(iv) To prepare a map for drainage condition and snow cover of 

above area 

(v) To prepare the map for vegetation land use, built up area* 

(vi ) To interpretate all the maps alongwith Landsat imagery by 

visual interpetation method and get a various knowledge 
about the area as best as it can be done. 
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CHAPTER - II 
SELECTION OE IMAGERY 

The most promising satellite MSS data lor Multispectral 
study of natural resources can be obtained if careful consideration 
IS given to the following factors (Table - 2il). 

(i) image q.uality 

(ii) cloud cover 
(ill) snov/ cover 

(iv) soil moisture regime 

(v) vegetation crops & side lap ^ ' 

The above factors are important for both visual interpre- 
tation as well as digital analysis of Land sat l/ISS data. 

Crop calendars and precipitation/temperature diagrams to 

diagnose so-called dry moist and wet season are valuable tools 

in the procedure on selection of Landsat imagery The 

proposed area of study (Hehradun region, North India), comprising 

a part of the Himalayan mountains, SiwaliR foot hills and the 

Indo Gangetic plains is to be found in World bank Landsat 

(19') 

Catalogue under path No. 157 rov/ 39 .(Eig. 2^1). 

( 8 ) 

In an earlier investigation systematic selection prooeduro^ 
Six Landsat scenes of four different seasons were ordered# 
Preliminary inspection of the selected seasons was carried out with 
respect to their information content for dominantly static image 
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in-fecxpietation elements such as drainage pattern, alignments 
and land forms as well as domxnantly dynamic elements such as 
drainage condition, as reflected "by moisture status and vegetation 
land use. Table 2.2 summarises the results of prelimenary 
inspection of six Landsat soenes ordered. 



fM*urc** fujvtv utini LAMDBAT MBft tfftia 



i 

■■» tl*'t IM9U1 cl<4a0 I 1- 

I V'lkui 


y'lkuM 


F(ip*i* FCC pimll 
pnd>et poi liinkp 


Viluii iniirpiilitiDn 


VituiF I nl< I put* Lion 


Viiuil inULprolllioO 


^Tcih/e2^l 

Stlfqtion of Unduit MSS data for interpretation purposes of natural resources surveys 
Hslni Uttuted, moderate or extensive instrument facilities 



















9 


TABliE 2.2 


Preliminary inspection of sclectocl Landsat scenes for 
the survey of a part of Northern India* 


Season 

Month 

Interpre bability 

Dry/Cool 

Nov. 75 

G-ood for interpretation of 
alignments 9 land form^ relief, 
drainage condition are land use . 

Moist/Cool 

Feb, 73 

Good for interpretation of land 
use v;ith crops such as wheat 
and Sugarcane 

Pry/Hot 

May 73 

Good for interpretation of 
natural vegetation of Sun 
exposed slopes of foot hills* 

V/et/Hot 

Jan 73 

Jul.73 

Good interpretation of drainage 
pattern, Wet lands (larai), 
irrigated and non irrigated 
agriculture . 


1 



R3 Landsal hna^e of Ihe Dfhra Dun region. Northern India 
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CHAPTER “ III 
MATERIAL & INSTRUCTS 

After definition of the ohjectives including the details 
of the survey, it is possible to decide on the most suitable 
materials and equipments to be used. 

The applioation of Landsat is of primary importance in the 
range of 1i 100, 000 to approximately 1s1 M scale natural resources 
survey preferhbly in conjunction with small scale aerial photographs* 

As in the case in aerial photo interpretation a more 
detailed approach in Landsat imagery interpretation requires more 
naturals and often more expensive equipment. Extensive facilities 
for computer assisted analysis may result in speedy classification 
of spectrally separable classes for vegetation and land use 
mapping* 

For moat of tlae studios limited otdy optical facilities 
such as the so availablo in basic remote sensing unit including 
those in developing countries have boon used in the course of 
this study* Luring the interpretation, use was made of light 
table, a magnifier times two and a minor storeoecope . 

The material used for the interpretation of the Lehradun 
region consisted of good quality 23 om black & white paper prints 
of Landsat MSS bands 4, 5 , 6 & 7 and d.la?:oohxncpne false colour 
composities (E-OoCc’s) of four season at a scale of 1s 1 M. The 



P.C.G.'s wore obtained from positive transparencies of MSS bands 
4, 5f 7 with a density and contrast in a range most siiitable for 
diaJiO^ process* Band 7 MSS imagery on scale 1s 250, 000 was also 
available at the lator stage of investigation* 

MSS 4, 5f 6 & 7 correspond to four Landsat wavelength bands 
0 . 5 ,- 0.6, 0.6 - 0.7, 0,7 - 0.8, and 0,8 - 1.1 m respectively* 

Use was also made of existing geological map of the area 
on tho scale 1 ^ 50,000 of sheet No. 55 J/3* 

Also using monoscopic interpretation proccduros such as these 

employed in this study has possible apply various enhancement 

tcchniq.'ae through binocular studios of manoband, multiband, 

( 6 ) 

monotenporal and multitemporal Landsat MSS imagery * 
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CHAPTER - IV 
IITERATURE SURVEY 


4.1- REVIEV7 

In tliG past quarter century throe major approaches have 
been made in developing techniques of photo -interpretation for 
soil survey, viz ’pattern analysis’ by Frost etal (1960), ’element 
analysis’ by Buringh( ^960 ), ’physiographic analysis’ by But ler( 1959} 
Vink (19 63 ) and Goo son (1967)* A 'physiogromic method’ such as 
advocated at I-T.O. by Bennema and Galon Sure eC 1969 ) ’ is a 
modifier of the 'physiographic approach’. 

At the International Institute for Aerial Survey and Barth 

Science (ITO), The Netherlands, the foundation for the landscape 

/ 

aorialod approach wore laid by Buringii (i960) Vihlc (1965). 

Vink further developed the use of physiography in photo inter- 
pretation. He distinguished the following phases, detection, 
recognition, and identification, systematic analysis, physiographic 
classification v/ith individual olemonts and physiographic systems, 
soil deduction# 

Eevolopmont of other remote sensing technique (analogue/ 
digital) in space such as multi spectral photography (Gomeni, 

Sky lab) and multispec tral scanning (Landsat) from satellite 
plate forms has resulted in a stream of data with quite different 
image characteristics (spatial, spectral, temporal)* Althoxjgh 



the do bail and storooBcopic of the present Landsat MSS system is 
inferior to that of small scale aerial photography^ tho formor 
offers specific advantages in the domain of its monitoring 
cap'ability and of the infrared part of the apoctrum due to the 
v/idcr wavG length range compared with photographic sensors* Now 
expensive digital inturpretation techniques are being developed 
solely based upon spectral reflection of water, soil, rook, and 
vegetation types* The recorded colour tones and vegetation 
grouping frora only tv/o out of a dozen main individual olomonts 
used in modern aorial photo interpretation. They may be of 
limited use of soil surveyors, particularly when there is a poor 
correlation botwoon vcgetation/land use and soils* 

Throjo years after the successful launching of tho first 
Landsat, tho manual of Romoto Sensing v/as published ( fe75 ) 
containing tho following passage. 

‘'There IS a little information availablo at present 
ooncorning tho visual interpretation techniques for orbital and 
hyporlattitude photography and imagery. Specifically v/hich 
recognition elements are most usoful and which may be of limited 
value. How do interprotativo practioes for connostional aorial 
photography differ from those talcen from spaoo" 

In tho moantimo some interesting papers have been published 
including that of Van G-ardoron and VasskV?'^6) on the use of 
Landsat data for rural surveys^ focussing mainly on prooudures 
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including materials and instruments* It lacks detailed information 
on the methodology of image interpretation* Some authors (Daels 
& hntrop 1*977) stress the importance of stereo vision and physio- 
graphy in addition to thev/ell 'knovm creteria of image interpretat- 
ion such as terality or colour, texture and pattern for the 
extraction of soil information from remote sensing documents* But 
they Qpply this only to aerial photography and limit themselves 
to the latter group in the case of Land sat imagery* 

(4) 

The criteria of tho Manual of Remote Sensing Chapter 15 , 
Fundamental of imago interpretation descrihed as si^se, shape, 
shadow, tone or colour texture, pattern and aided hy site, 
association and resolution may he applied for land use and crop 
survey procedures, but are inadequate as primary elements for a 
physiographic analysis. An excellent an practical guide in landsat 
image interpretation is the Work of Sabin('] 968 ) ‘Remote Sensing, 
principle and interpretation, though if deals mainly with Geo- 
soienccs, particularly geology. 

4.1.1 IMAGE INTERPRE TATION IK SOIL SURVEY # 

In the image interpretation each images conveys ideas or 
iirpressicn* Those ideas or impression arc interpretations such 
interpretation may or may not be accurate, and may be either 
concious or unconscious, partial or complete. Nevertheless, 
interpretation is an essential process through which information 
is obtained from images* Onoe the interpreter has gained facility 
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with thG tGchniquGs of observatio};]^ ho can then adclresB ixhe 
difficult task of developing and using logic to draw accurate 
conclusion from the images he observes. 

Imago interpretation is defined as enact of examing images 
for the purposG of identifying objects cind judging their signi- 
ficance* Interpreters study remotely sensed data and attempt thou 
througli logical processes to detect^ identify, measure and evaluate 
tho significance of environmental and cultural objects, patterns 
and spabial relationship. Imagery of large areas permits the 
observer to porveivc the relation of objects and surroundings 
v/hich to an absorver on the ground might not bo apparent . Iho 
imago in berpretor can examine objects patterns and relationship 
in do bail and can compare those data with maps and other roferen^Q” 
material. 

Stereoscopic viewing enables the shape and height of objects 
to be deberrained. Perception of forms malcos it easor for the 
interpreter to identify objects and permits measurements of height 
and slopes. 

An image interpreter is a limited sensor. Tho interpreter 
perceives ref looted energy in a narrow band of e loo tromagn otic 
spGctrum# Sensor system and photographic emulsion currently in 
use however enable the interpreter to view picture like images 
of energy pattern beyond the limit of his vision. These energy 
relationship add significant information as tho interpreter 
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^.ttornpts to judge the significanco of objects, phenomenon and 
relationship in th3 onvironmon t. 

Imago interpretation differs from direct observation in 
aerffial scope, per spec tiye and temporal rolationship. It is 
similar to direct observation in one important respect, the 
amount and reliability of the information obtained doponds upon 
training and aptitude of observer and on tiio nature of scene 
observed* Basically, image interpretation is to photo gramme try 
as statistic is to mathematics* 

4 • 2 MU^IMPQRAL PHYSIQGBjIPHIQ LAMBBAT ANM.YfiTfi 

Hiis presents a low cost methodology for the visual 
interpretation uf carefully selected multi temp oral landeat MSS 
data for inventories of natural resources by integrating static 
and dynamic image interpretation elements- low cost refer to 
lov/ input in torriis of capital* However a high, input is rei^uirecl 
in terms of expertise regarding image intorprotation tochnlaues 
i .0 • a sx^ocialist well trained in aerial photo interpretation 
and Landsat analysis. 

The interpretation proceodure isJ- 

(i) Visual, (ii) Multi temp oral using (iii) Existing 
information (topography, geology etc) and is carried out with 
(iv) Limited pho bographic and Optical interpretation facilitios 
which make (v) This suitable in most developing countries. 
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OHJiJTER V 

IMAGE IRTERPRBTATION ELELIBETS 

Image iriterpretatiOYi ig defined as the act of examining 
imagos for the purpose of idontifying ohjects and judging their 
significance. Interpreters study remotely sensed data and attempt 
through logical processes to detect, identify measure and evaluate 
the Significance of environmental and cultural objects, pattern 
and spatial relationship. 

Imagery of large area permits the observer to perceive 
the relations of objects and iheir surroundings which to an 
observer on the ground might not be apparent. The image intcr*- 
preter can examine objects pattern, and relationship in detail and 
can oompare these data with maps and other reference material* 

The guiding principle of the proposed multitemporal 
physiographic Land sat MSS analysis is the use of best band of 
tho most rdovant season for a particular imago interpretation 
element^ those element then integrated into tho final physiographic 
analysis ready for field investigation and subsoquent rednter-* 
pretation. Such an analysis may bo regarded as optimum inter'- 
pretaters map for soil survey purpose. 
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5 . 1 2SAI PATTERN 

Drainage patterns are an important aid in image Inter- 
pretabion because they ceuq be used as criteria for identification 
of hydrological^ structural, lithological and topographical 
phenomena. In gcomorphic aerial photo-interprctation numerous 
examples are given of the most common drainage patterns in descrip- 
tive borms such as ’dendritic’ etc. Drainage patterns can be 
further subdivided into erosional, dopositional and special patterns- 
In addi bion to tho pattorns described above, combinations may 
occur in various degrees of integration, density and uniformity, 
which IS indicative of different area characteristics. Dads & 
Antrop ( 1977 ) distinguish some fifteen principal drainage patterns 

as an indicator of libhology and landform. In geological inter- 

(9) 

prctation some ton m.ain drainage patterns are described . 

In the Landsat image interpretation procoduro proposed in 
this paper a distinct difference is made between drainage pattern 
and drainage condition, the former one being independent of 
seasonal changes. Two of the most prominent drainage patterns* 

Eigure shows the drainage pattern of tho Doon Valley (SiwalUc 

Range, Doon Valloy, Himalayan foothills). Dor the interpretation 
of drainage pattern landsat imagery of band Ho . 6 (Wavelength 
-O .7 - 0.8 m) and band Ho. 7 (Wavelength -0.8 - 1.1 Mm) are used. 
If v/G plot percentage of rofleotanco of incident energy versus the 
v/avG length we gob curves as shown in Figure 5*12. It can be seen 
that the behaviour of different objects is characteristic of the 
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of tlie objoct for its roflectarico for different wavelength is 
concornod, for example as in PigLire 5*12 Water, Vegetation and 
boil show entirely different reflectance to incident wavelength 
especially tov/ards the longer wavelength- In case of water it 
absorb all the incident energy as far band i^o . 6 and band Wo. 7 is 
concerned ('.fave length 0,7 - 1.1 pm). So it appears black in 
Land sat imagery and can bo easily discrimena ted from other objects* 

There are two major river in the study area. Ono is 
Elver Oanga and other ono is Rivor Yamuna. On the top of Himalayan 
region shov^ is found which is the main source of divsohargo for tho 
rivers. On the sate Hi to imagery the demarcation cSf snow line can 
easily done but tho do termination of ddpth is little difficult, ' 
because it thickness varrie according to season- Springs and 
their several tributaries are found in the Himalayan and the foot- 
hill of Siwalik. They finally contribute discharge for the above 
rivers* Ifost of the springs are drying up or gonng seasonal 
because the loss of vo^etal cover has reduce the capacity of 
sloping grounds to absorb and infiltrate rarn waters and feed the 
springs . 

Tho river G-anga origenates from Grangotri (top of Himalayan) 
comes at plain in Hardwar . There is a ma^or canal which came out 
from Ganga at Hardwar go beside Roorkee, Muzzaffar Hagar? Merrut 
and finally meet ’c river Yamuna. Tho Canal is tho main source of 
irrigation of plain area. The river Yamuna originate from 




Fig 5^11 Drainage pattern <5f Northern India (Doon valley} 

Scale TlUmdli on 


PERCENT REFLECTANCE 




COflPARISON OF TYPICAL VEGETATION^ SOIL AND WATER REFLECTANCE 
CHARACTERISTICS 



Figure ^"- 12 . Spectral reflectance of basic cover types 
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Yamunotri and move towards Holhi* Vegetation and Forest are found 
in Himalayan region. Most of the area of plain is cultivated and 
properly irrigated by rivers and canals. 

Due to erosion^ de»fo2?estationy earthq.ualcesy landslide and 
several other man made reason (Excavation of Road etc.) the 
pathways of springs are cut, broken, diverted, the channel of 
streams chokod and their wafOT polluted . The inexorable culmena- 
tion of drying up of springs will bo that only the flood water 
during the rainy season and melt water during summer and rainy 
season would flow in those rivers* TodCiy 20 to 3O percentage of 
discharge of Himalayan river is derived from molting of snow and 
ICC be two on May and September* 

5 • 2 ^LLIG-gffiNTS OR L IITOAMEHTS 

An alignment or lineament is defined as a mappable s-implo 
or coiTiposito linear feature of a surface, whoso parts are aligned 
in a straight or slightly curving relationship* It can be clearly 
d3 stinguishod from the patterns of adjacent f&aturos and probably 
refloo ts a surface phenomenon The surface features making 

up a line ament may be geomorphio (c ause d by re lie f ) or tonal 
(co-usod by contrast differences)* The surface features may be 
land form boundaries* The linear boundaries may be different types 
^ Qj> brcolcs in a uniform terrain* Straight stream 
valleys are typical geomorphio expression of lineaments# A tonal 
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liriGaniGiji; may "bo o straight houndary between areas of contrasting 
tone. Differencos in vegetation, moisture content and soil or 
rock composition account for most tonal contrast. Alignments ma^ 
be continuous or discontinuous. In discontinuous lineaments the 
separate features are aligned in a consistent direction and are 
relatively closed spaced. Alignments may bo simple or coraposite* 
Simple lineaments are formed by a single type oi feature, such 
as linea.ment are formed by a single type of feature, such as a 
linear vS tream volley ar aligned topographic escorpmonts. Composite 
linoamonts tire defined by more than one type af feature, such as 
an alignment of linear tonal features, stream segments and ridges. 

Alignments arc well expressed on hand sat images because of 
the obllq_uo illumination, suppression of distracting spatial 
details and the regional coverage. Linear features caused by 
topography may bo enhanced or suppressed on Landsat images depend- 
ing upon their orientation relative to the direction of solar 
irracUanco as given by the sun azimuth. Linear features trending 
normal or at a high angle to the sun azimuth. Linear features 
trending normal or at a high angle to the sun azimuth are enhanced 
by shadows and highlights* Those trending parallel with azimuth 

arc supipressod and difficult to recognise, are linear features are 

( 11 ) 

parallel to the MSS Scan Lines • 

A preliminary study of lineaments on Landsat imagery was 
done based on recognition and identification of various lineeir 
features of terrain as picked up and marked as their ime^es 




Alignments with the dominants strike 
direction (NW SE & NE/SW) 


Scale = 1:1million 


■ FOSE DIAG7RAM FOR LINEAMENTS 
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(l'’ig - *5 *21 ) . A linoamont raap showing minor ( < 100 Icm), inter- 
nodiatG (bctwGGn 100 - 300 km) and mazor ( > 300 km) in length 
lineaments are prepared v/3 th a view to understand their geologic, 
structural & tGctonic reactions# 2he 'i?ose Diagram' (Fig. #5*22) 

IS prepared to shown tlio general trend of lineament in the study 
area# It is found that most of the lincamonts are in SB to ITW 
direction (shown in Rose Diagram). 

Tlio presence of faults, fo Ids , joints and certain physical 
rock characteristics may bo doduood by analysing land sat im^ery 
imagery of the alignments or linearaents # In the set up of our 
physiographic Landsat analysis^ this static imago interpretation 
oloraonts load to an understanding of the structural goo logy of th© 
study aroa. 


5 . 5 lAKD FORM 

hand form can ho used as an image interpretation element# 

IL is related to general morphology of tho terrain# The morpholo- 
gical expression of the relief in conjunction with drainage 
pattern and supplouionted by structural geologic deductions from 
olignmont pattern from the backbone of a systematic physiographic 
landsat anolysis- Fig#5.31 shows the Landform interpretation 

with moot delineations in the foothill tract. It shows the four 
jor landform in the study area i#G. mountain hills, complex of 
high hills piedmonts and alluvial plains# Due to drainage pattern 




(If) an example of land form inferpretation Mth most dehneanons in the 
Joothtll trai I 
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and physiographic expression of the relief the interpretation has 
became rioro detailed in the foothills and the piedmonts* 

5 • 4 DRA INAGE CONDITION 

'Drainage Condition ' as reflecting moisture status belongs 
to a group of elements based 'converging ovidenco (Vinik 1963) in 
modorn aerial photo interpretation techniques* Open water is much 
more clearly indicated than subsurface water, where certain amount 
of deduction is allowed based upon correlating factors such as- 
i) nearness to v/aterloggcd soils, li) colour of the earth's surface, 
ill) natural vegc tation/land use etc. 

ilio clement drainage condition represents all water and 
soil moisture close enough to surface to be detected by remote 
sensors* In the case of Dandsat imagery, it is frequently reported 
that band 7 in the infra-red (0.8 - 1.1 am) is the best band. 

Opon water canals and rivors sufficiently largo to bo detected 
cone out v7oll on Lend sat imagery but for multi temporal analysis 
of the sojl moisture rogine near the surface, false colour compos- 
ites (ECO's) composed of bond 4, 5 and 7 or 4f 5 and 6 are 
pro for ab lo • 

The alluvial tract shovm an the Southern part of drainage 
condition (Nig* 5.-11) analysis contain soils with v/ater logging 
salinity and alkalinity v/hich can bo well differentiate with the 
Londsat imagery* Booauso of season dependence, this element is a 
typical example of a dynamic image interpretation element. 





P, poorly drained 

1 impeircctly drained 

MW moderalely well drained 

W well drained 



P'/n ^'^^Drainage lundition (DC), a dynamic image interpretation elemeni. analysis with most 
delint^tiom in the alluvial area tn the South 
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5 . 5 

Snow covor has no regular plaoo in the Multitemporal 
Physiographic Land sat AnaJ-ysis, but it has got its importance for 
hydrology an its influence on soil climate and vegetation, it is 
placod botv/Gcn drainage condition and vegetation because of its 
dynamic character and influence on both image interpretation 
elements ■ 

Snow covor is a conspicuous feature recorded on Landsat 
imagery of high mauntanous areas of world. Its extent and thick- 
ness varrics according to tho season and its exposure to sun 
irradianco . 

In this study oroa tho snow is found only at tho top of 
Himalayas region. (Pig. 5.51). Lho demarcation of snow line on 
tho sa be 111 to imagery is not a difficult task but the do termination 
of 'dcpbh‘ is rather an unstatis factory task from view point of 

accuracy. Figure 5.52 shows the curve of variation in refleatanoa 

(19) 

wi bh snow depth • 

Natural vegetation, agricultural land use and cropping 
pa b born are strongly seasonal ddpondent. Bccauso of thoir charg- 
ing charactor thoy are grouped with dynoBic interpretation elements 
to distingui^ them iron static olomcnts such as drainage pattern 

and land form. 






(aSD^uaojad) 

(uJiY^.o-SO) ui 9:>uopDipy 
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( 13 ) 

J’lg. 5*61 shows vegGtation anci iand uso of study area 

Man ina,do structuros such as towns and roads are poorly visible in 
tlio images, only the Itjrgor towns can he discussed* The best band 
for the intorpretation of vegetation is band 5 (*6 - 0«7 M m) 
bccauso of tho roflectancc of vegetation is maocimum at this band 
(Fig. 5*62). Tho water bodies and river were easily distinguished 
on band 6 & 7. For tho study of forest vegetation hov/over a 
conbination of band 5 ? 6, 7 offered the best interpretation facili- 
tioD . 

In Lius study the best band filter combination for 
in berpro tation of the images was either 

(a) band 5 wi Lh a rod filter, band 6 with green filter and 
band 7 with blue filter. 

(b ) band 5 wi'Lli a blue filter, tend 6 with a green filter and 
band 7 v/ith rod filter. 

The distinction between forest and new forest was very dear 
in Uio region of Siwalilc hills (ihg. 5.6l). Bia sal forest on the 
northern siaos of these hills ana the several snail hills in tho 
Boon Valley itsolf wore also clearly visible. In the Himalayan 
foothills ttic aifforonco botvjoon forest type was not groat enough 
to allow of dolinoation. Biis is aue to the fact that vegetation 
cover on tho hills consist of patches of |orost lana, patches of 
scrub, the patches of grass lana and tho resolution of the landaat 
iuagory was not enough to offer a clear distinction between those 

thoao typo of vegetation. 
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J3io result was dotted pictures in which it was only possible! 
to delineate an 'average' type. Por the same reason it was only 
impossible to distinguish terraced agriculture in the hills* 

The dry deciduous iorest on the ridge was also visible* Ihe 
delineation oi this typo differed significantly from the map 
however iiie reason for this might that there is a transition zone 
between forest consisting of shorea robusta with only a small 
Qdmi^Eturc of other spooieg on the northern side of Siwalik and the 
drier and poorer mixed deciduous forest on their southern side* 

The latter typo has very few sal trees. In the zone between the 
two typos# there is a marked admixture of Shoroa robusta trees 
in the forest canopy. The transition zones seems to be well 
developed In the Western and Central Biwallka but not in the oast 
and it was therefore not distinguishable in the imagery. 

The vegetation at the southern edge of Siwaliks where the 
Canga-Yamuna plain begins consist of mixed deciduous forest and 
plantations* In some cases where the plantation are large (15O to 
200 haotares), and differed significantly from the surrounding 
forosty they could be distinguished . The resolution of imagery 
however does not allow the smaller areas to be delineated properly* 

The most of the built up and oultivated area are in plain 
( of study aroa)Eishikosh^ Hardwar are situated at tbo bank of 
river Oanga while Eoorkee# Muzzaf farnagar are situated at the 
banlc of G-anga Canal (Pig* 5*65)* Saharanpur is about 80 km far 




III. 


COMPARISON OF TYPICAL VEGETATION. 
CHARACTERISTICS 


SOIL AND WATER REFLECTANCE 



Figure Spectral reflectance of basic cover types 



*^Mussooric 
n Dchradoon 


□ Saharanpur 

ORoorki 

□ Muzatarnagar 


Fig. S' Built up area Doon Valley 

Scale 1*1million 
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from Roorkoc in wost direction. Tho all the above oities are 
thickly populated. In tho Valloy of Siwalik Hills the city 
Dohradun^ the famous hilly station Mussorrio is situated. The oity 
& town which is thickly populated can be identified easily by the 
visual interpretation of Landsat imagery. The places like Uttar - 
kashi; G-angotri, Yamunotri which is situated at the Himalayan 
mountain can not bo idontified easily but can be interoepated 
with the help of map. The built up area covers 5 to 7 ^ of total 
study area# 

5 . 7 PHYSIQG-HAP HIC ANALYSIS 

Tho concept of land is the centre of our physipgraphic 
approach to satellite image interpretations where as aerial photo- 
interpretation is generally concorned with mono temporal stereo 
scopio photography. Land sat imagery though at present low in 
spatial resolution is very woH turned to the dynamic aspects of 
roconnaissancG land and land use surveys because of its repetive 
covorage of tho oarbh^s surface. 

it is wo r thwhi le to ev aluate Ian d sat imagery f r om the po int 
of viow of tho Land attributes in the widely used definition of 
’land' by Christian and Stewart (1968) "A tract of land is defined 
geographically as a specifio area of the earth's surfacei its 
oharac ter i sties embrace all reasonable stable, or predictable 
oyolio, attributes of the biosphere vertically above and below 
this area including these of the atmosphere, the soil and the 
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mdevlying geology the topography, the hydrology, the plant and 
inimal populations and the result of past and present human 
ictiviby to the extent that these attributes exert a significant 
nfluence on present and future uses of land by man", 

The backbone of the physiographic land sat image analysis 
s determined by hand form, which is based upon the morphological 
'Xpression of relief and supported by drainage pattern, parameters 
'or geological structure's hydrology, lithology, (soil parent 
la ter i al ) and to po gr aph y . 

( 6) 

Pig* 5 •7' shows the multi temporal physiographic analysis 
ath a park of the Himalayan Mountains, the Siwalik foothills and 
(he alluvial Indo-gange tic plain near hehradun (Nortl^n India 
study aroa). 

It shows that in plain area the most of soil is alluvial 
^hey are in of smaller size and transported by the river (Ganga, 
"amuna) from mountains* However the old alluvial soil are well 
Irained bub bho young alluvial plain are poorly drained. Ihe 
lar^y land is also found in plain area- 

In the south of complex high hill piedmont plains are 
-ound which arc somewhat excessively drained, moderately to 
itrongly eroded, and some places sparse and mod dense vegetation 
ire also there- In Worth of complex high hills and south of 
10 un tain aroa excessively drained, slightly to moderate eroded 
)lains, deciduous forest and fine textured vegetations are 
ivailable . 
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On the complex ol hi^ hills (Siwaliks) in southern side 
parallel slope controlled drainage patterns strongly eroded 
deciduous forest, dense fine textured vegetation, mod dense, mod 
degraded coarse textured vegetation are available. However in 
Northern side parallel slope controlled drainage pattern, moderately 
eroded, dry deciduous forosfc, doi^so fine textured, vegetation are 
found, but on the Himalayan Mountain moderately high strongly 
structurally controlled drainage pattern, evergreen forest, mod 
dense, mod degraded, coarse textured vegetation arc available. 

Iho various typo of plains and vegetation which are 
available in the study area can be summarised in table 5<7« 
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TABIiB 5 . 7 

Alluy i al _P s 

A1 Old Alluvial Plain 

A 11 Old Plain, well drained 

A12 Lgvcgs, well drained 

A13 Old Plain, moderately well drained 

A14 Drainage ways and lialomorphic depressions, imperfectly 
drained, grazing land (A^^^) and ’bare 

A2 Young Alluvial Plain, sub -recent 

A21 Imperfectly to poorly drained, cropland and 

rainfod (A211) and irrigabod (A212), cropland and 
fores b plantations (A213) 

A22 Marshy, vory poorly drained 

A3 Floodplain, rocont, deposits, imperfectly to poorly drained 

A4 River courses 

P1 South of bhc complex of high hills, somewhat excessively 
drained, modoratoly to strongly eroded 

P11 Porovst plantation and cropland, mod dense vegetation 
P12 Rainfed cropland with sparse (P121) and mod dense 
(P122) vogotabion 

Forth of the complex of high hills and south of tho 
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mountainous area? somewhat excessively drained, slightly 
to moderately eroded 

P21 Dry deciduous forest, donso, fine textured* vegetation 
P22 Porost plantations and cropland, mod dense vegetation 

Cpm£.^x_oX hi^ 

H1 Southern slopes, v/ith parallel slope controHod drainage 
pattern strongly eroded dry deciduous forest# 

H11 Dense, fine fcextured vegetation 

1112 Hod dense, mode degraded, coarse textured vegetation 

H2 Northern slopes, with parallel slope controlled drainage 
pattern, moderately eroded, dry deciduous forest 
n2l Dense, fine textured vegetation 

H22 Mod densG, mod degraded, medium textured vegetation 

H3 Stratifiod, moderately eroded, 

II 3 I fine textured . 

H 32 Coarse textured 

Moun tains ^ (Him alayas ). 

M1 Mo dor ate ly high, strongly structurally controlled drainage 
(trollis) pattern, ovorgroen forest 

M11 Mode dense, mod degraded, coarse textured vegetation 
M12 Sparse, degraded, coarse textured vegetation 

M2 Highly elevated, strongly structurally controlled drainage 
(trellis) pattern, evergreen forest# 
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M21 Dense, non-degraded? coarse textured vegetation 
M22 Mod dense, mod degraded, coarse textured vegetation 
M23 Sparse, degraded, coarse textured vegetation 

* Image textures refer to relief variations 



r I 
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Hiflti lulls 


p|0 5**7^ Mulllfimixiral ph\singraf}hu analxsis (P)) >Mth a fWt of the Himalayan mountatm (M), 
^ iJic Stnalik JiJittliills (It) ami the Alluml Indo Ctanxedc plain (A), near Dehra [)un V P. 

Northern India mterprcialion based upon the following scenes Dec 72, Feb 73, Mav 74 
and July 74 
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CHAPTER - VI 
REGIONAl GEOLOG-Y 


Table 6.1 summarises geological succession of the area* 
Accordingly Siwalik system is interesting for more than one 
reasons* It n s overlain by older pre~tertiary rocks of Ohandpur* 
Hence the con bact between them definitely shows evidence of 
thrust-jng, which is called Krol thrust* Other features like 
slickensideS;, silicification of fractured rocks also confirm the 
prepjence of a bhrust plane* (Pig* 6*1) *'^0)^ South ward lie the 
Lesser Himalayas with comparatively mild topography? rising to the 
max elevation of 2600 m and characterized by gentler slopes but 
deeply dissected valleys* The junction is defer ed by a gently 
inclined split plane of movement of rock masses called the 
main central _thrj^f^ • Oh i s p Ian e h ad s e r ve d in the geo logical 
recent pas b as the plane along v/hich the lesser Himalayan domain- 
forming tho northern front of the Indian subcontinent slid or 
slipped under tho great Himalayan pile. 

This undor sliding of the Lesser Himalayas Crustal plate 
led to the uplift of great Himalayans to an iramence elevation 
and resulted in the whole sale splitting shearing? shattering and 
crushing of Iiosser Himalayan Hook* On the southern side yet 
another boundary fault - the main boundary thrust- separates the 
Lesser Himalayas from the forested Siwalik, forming the frentier 
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rampart. The Indian Crust is presently slipping under the 
Himalayan Crust at shallow angles of 15° + 5° along the main 

Boundary Ihrust. This is exident from the occuxance of earth(iuake 
of high magnitude (eight or more on the diehard Soaleithough 
less frequently. 

Tho Chandpur phyllites sooms to bo prone to land slides. 
Ghandpur which aro then bedded ( 1 to 3 mm) show the alternation 
of quartizile and phyllite giving a fine banded appearance* The 
chloritic rocks and states oxhlbit polygonal jointing. At 
places, Nagthats are seen to overlies » tie folded and disturbed 
Ghandpur phyllites which vary in colour as black, purple, brown 
an so on . 

Krol series in which caves have formed comprises of 
massiVG limestone which show five sub diTision with an aggregate 
thickness of 600 meter. Upper Krols are for the most part 
dolomibic, the limestono of middle diYision are crystalline and 
bhe lower porbion oomparises of impure limestone. This limestone 
so quo no 0 is bollcvod to bo of shallow marine origin (7aldiya 19T5, 
Pandoy, I 976 ) • In addition Ao the above minerals tho ’rook phosphate’ 
IS also found at I/IAIDEVOTA, a place very close to Ha^pur - 

Although all type of minerals can not be interpreted by 
satellite imagery, tie only surface thing can be interpretatod 
by tho satellite imagery. But with the help of Geological map of 
the study area the minerals can be interpretated with more 


confidence . 
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TABLE - 

aEOIOGICAL SUCCESSION IN LEHRALU^T-MUSSOORIE AREA 


Nan^_ 

Uppor Siwaliks 

Lr . and Mid . 
Siwaliks 

Uppor Tal 

Lowor Tal 


Upper Krol 

Mid Krol 
Lower Krol 
Infra Krol 

Blaini 

Nag that 

Chandpur 

Mandhali 

Dooban 

Simla 



Coarse Sandstones, 
Conglo merates 

Sandstone , Shale 


Quartzites 0 

Shales, Slates 
(phosphorite) 

Limestone (Dolcrite 
dyke s ) 

Rod Shales 

Li mo stone 0 

Slates 


Boulder Bed, Slates 

Quartzite s | 

Slates and PhyllitesO 
Limestone | 

Limestone 

Slates 


Me 

Pliocene (11 M.Y . ) 

U. Miocene 
(25 M*Y.) 

Jurassic 
(180 M.Y.) 


Triassio 
(225 M.Y.) 


Pormain 
(270 M.Y.) 

U. Carboniferoua 
(300 M.Y.) 


Jaunsar 
Series 
Devonian 
(400 M.Y.) 

Cambrian 
(600 M.Y. ) 

Pro -Cambrian 


(iflodified after Krishnan, 1%8) 



Geological map of Doon Valley 

Scale T. 2250,000 
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CHAPTER - VII 
DISCUSSION 

7 . 1 REPEATED SHAKINC BY EARTH QUAKES 

Couplod with tliG inherent weakness of the rock succession, 
the main central thrust holt repeatedly shaken earthquakes. 

The earthquakes have further ravaged the terrain, loosened the 
rock masses, precipitated huge land-slides and rendered the 
terrain alarmingly unstable in certain areas. In the outer belt 
carthquciltos related to main boundary thrust are less frequent 
but greater in magnitude and severity. 

Tlie occurrence of earthquakes implies movements largely 
in the direction of inclination of thrust plane (dip-slip) and 
partly in the direction of their trend (strike-slip) some of the 
events arc related bo horizQntal movements in the direction of 
trends of the roughly north-south oriented faults that have torn 
the terrain into blcDcks. These phenomenon aro in consonance with the 
the notion of Lessor Himalayan plate slipping or sliding under the 
stupendous Croat Himalayan slab. One fact Is quite obvious even 
if an area has not been visited upon by earthquakes, the faults 
that run in the north-south, NNE-SSY^ NOT-SSE directions, that 
IS, traverse to mountain trend have caused extreme damage to the 
stability of rooks by shearing, shattering and pushing them out 
of place. Many of those tear faults are quite active, serving as 
they do as the planes of movement resulting from the northwards 
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drift of tho Indian subcontinent- !Qio areas that have boon cut 
by those faults aro particularly yulnearablo to mass movements 
like landsliding, slumping and rockfalls. They aro therefor, 
most sensitive to and unsuitable for all engineering activities. 

7 • 2 ACC DLERA1 3D P ACE OP EROSION 

HiG goodynaraioally sensitive bolts and areas arc thus 
sccumbling to duSop and oxtonsive erosion* Evory ten yoars about 
1 cm thick soil over the whole Himalayan region is washed away by 
streams* In other wards, every 100 sq, km aro a of catchment of 
the major rivers, in which dams have been constructed, it 
contributing sediments that can build a 1 m high pile over a plot 
of 10^ hectares* In the boundary thrust zones, the rate of erosion 
is fiy^o to seven timos more than it was in the reoont past 

7 • 3 EROS ION d PEEOHE STATI QH 

Romoval of the protective covor of vegetation from large 
parts of the lessor Himalayan terrain is undeniably the principal 
oaiiae of accelerated rate of orosion. Reforestation resulting 
from overgrazing by an explosively grov/ing population of cattle 
(at the rate of 0,18 percent per year) and the reckless exploit- 
ation of forests for a variety of pirrposes have reduced the tree 
cover to about one third of the surface area of Lesser Himalayan 
domains* So that today two thirds of area is exposed to the 
duickoned paco of erosion* A study by J.S. Singh & A.K. Saxena 
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of Kumaun University shows that in central sector the 

pressure of grazing is 2 ^ to times the supporting capacity of 
the forest and pastures, a situation comparahle with that in 
Iraq, (four times) and Syria (three times)* 

Ihe per unit cattle has 0*3 to 0,6 ha of grazing land* 

As a result the forest have been defoliated, the grasslands 
trampled, bheir nutritious vegetation smothered and the mountain- 
sides extensively furrowed* 

Tlie ago old Cruel practice of settling fire to forest be 
ensure quicker growth of fodder grass has not only damage the 
forest, but also vvcalcened, the soil oonsederably. Studies carried 
out in an experimental forest in Siwalik demonstrate that the pealc 
flow of rainwater that runs down the slope on the surface increased 
hy 69 percent as a result of burning forest, by 34 percent 
following cloar felling, and by 32 percent duo to overgrazing . 

More runoff water moans higher incidence of flood and 
greater denudation. 'Pho roots of trees and shrubs, thrust deep 
into tho soils or rocks, proxidc additional strength against 
destabilization, dislocation and consequent removal. OIig 
distruction of vegetation naturally wealcans the anchorage the 
roots provide, malting tho soils and rocks vulnerable to landslides 
and related to mass movement. 
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7 *4 ROAD O QNST RUCTIOI^ & INS TAB ILITY OF HILL SIDE S 

The “biggost factor rosponsiblo for severe damage to the 
stability of the hill sides and promotion of oroBion is the 
malcing of unimaginatively planned and cruelly exoculcd roads. The 
construction of 1 km long roads genorates, an an average 40 , 000 
to 80,000 Cu m of debris. There are over 45^000 km of Khohoha- 
pakka (dirt and metalled) roads in the Himalayan region. The 
debris generated must have boon of the order of 2 650 million Cu m. 
That IS not all Landslides and rockfalls on every kilometer stretch 
of road built by the Border Roads Organization produces on average 
550 Cu m of debris per year. These debris causes enormous damage 
to the dov/nslope vegetation, agricultural fields and tho surface 
and underground water system. The Road Construction activities 
not only increase the incidonce of landslides (several times) but 
also stimulate erosion in the channels of rivers and stream. 

7 -5 T^irPAHT ON SPRTwaS A HD WATER BUDGIBT OR RIVERS 

The impact of deforestation and erosion in tho Himalayan 
region has boon very profound and far reaching on the geohydro lo- 
gical systems of springs and seepages that feed streams and rivers. 
The loss of vegetal cover has reduced tho capacity of sloping 
grounds to absorb and infiltrate rain waters and feed the springs, 
loading to thoir drying up or going seasonal. A spot sixrvoy in 
the Himalayan region revealed that 40 to 45 percent of springs 
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have either gone clry or became seasonal- This is discerhiblc 
everywhere in the areas where iorest have been removed from 
v/ater sheds and whore road construction has severely damaged the 
water system both surface or underground - 

Excavation for roads causes drastic changes m the 
goohy dr 0 logical systera of the water the pathways of spring are 
Guty broken or diverted? tho seepages and springs are smoothered 
with the masses of debris^ the channels of stream choked and 
their v/ater polluted. In the absence of springs, there would be 
no water in the strooras and tlie rivers they feed. And if the 
present state of affairs is allov/ed to continue? the discharge in 
Himalayan rivers will dwindle considerably . The inexorable 
Gulmination of the drying up of springs will be that only the flood 
v/otors during tlie rainy season and melt water during summer and 
rainy season would flow in these rivers- Today 20 to 30 percent 
of the discharge of the Himalayan river is derived from melting 
of siiows and ice botv/con May and September# 

Further more, the excessively runoff flowing down the 
valleys of channels due to reduced capacity (due to the accumula— 
tion of debris and sediments) have caused floods in fertile fields 
in the plains v/itti regular periodicity and growing magnitude of 
daraages. Tho 15 million hac tares of land of the Indo-G-angetic 
plains where ^O percent of the Indian population lives y suffer from 
60 percent of flood damagos experienced by the country* Inspite 
of flood central measures taken, the dimersion of flood hazards Is 
inc r e as ing pho no men ally * 
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7 . 6 SIGNS OF_DESEHT IgICATION 

With largo parts of the Lesser Himalayas affected by 
oroeior], the groundwater threatened wiiii deprivation and the fast 
multiplying numbers of humans and cattles devouring vegetal 
resources and encroaching upon geologically sensitive and ecologi- 
cally vulnerable areas* Certain irr ever Bible changes have taken 
place that endanger the very life support systom- 

As already stated, almost two thirds of the Lessor 
Himalayan areas has boon deprived of forest cover, and whore there 
are forest, the tree canopy is just not adequate to protect the 
soil^ The vegetation has a profound influenco on the micr oc lima to 
v/ithin the soil. In the absence of the vegetal cover it gets 
rapidly heated up and is uninhibitodly beaten by the rains and 
wind. A study by Pras Kollmannspergor shows that the evaporation 
of the moisture in the soil of Himalayan region is a high as 190 
porcent, inevitably leading to progressively drying up of ground 
surfaces. In the absonce of humus ioTgan±c matter generated by 
the vegetation) tho soil becaniG hard and impervious to the 
infiltration of wator and air, thus preventing tho growth of plants 
and eventually culminating in tho breakdown of the nutrient cycle* 

An analysis by S.L. Sh£ih shows that from total 

growing s to ck of 66 millio n Ou m of for os t in Himalayan region 
and gross annual increement of 0«78 million Ou m. The out turn 
is 4*54 million Ou m so that tho net yearly depletion is 3.76 
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million Cu n. The oxponontial rato of doplotion is 5*8 pGrcGut 
of annuriy implying that tho forest capital is being eaten av/ay 
rapidly* Hie cattle population is grov/ing at an exponential rate 
of 0,18 percent per annum and tho net rate of depletion of grass 
stock is 5 percent per annum. At the present rates of exploit- 
ation tho carrying capacity of forest v/ould be over reached by 
2 031 iiD and ihai; of pastures by 2 O 4 I AD. In other words there 
v/ould be no forest left by 203 1 AD and no grasslands by 2041 AD. 
Tho Himalayas would then be a desert domain* 
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CHAPTER VIII 
CONCLUSION 

QAig viLsual interpretation of natural resovirces by tho 
Landsat inagery is much effective and officiont for large areas* 
Sa.rio time it is oconomcal also. One Landsat i:nagery covers a 
lot of area (185 kn x 185 kra) and one can easily get idea about 
the drainage pattern, linoaraonts, drainage condition, geology of 
tho area is very loss time as compared if field survey is done, 
compared wilii snail scalo aerial photography Landsat imagery has de 
definite advantage in the domain of multispectral and multi temporal 
scanning of earth’s surface. ii.lthough at present Landsat has a 
low spatial ro solution and its imagery still offers only limited 
possibilities < 

Imago interpretations differs from direct observation in 
aerial scope, perspoctive and temporal relationship* It is 
similar to direct ohsorvation in one important respect, tho amount 
and reliability of the information obtained depends upon training 
and aptitudo of observor and on nature of scene observed* 

Tho Landsat images used for the study of Lehradun area 
(Horthorn India) have path No- 157 and row No. 39. Hio results 
obtain from the imager xntorpretation as lay down in objoctivo 
can concluded as following • 
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(i) Tliore aro two major rivers in the study aroai G-anga <§: Yamuna 
Sraall springs ancl thoir sovoral tributarios aro found on 
Hiualayan region. I/Iost of tho springs arc soasonal* Snov/' 

is found on tliG top of Himalayan mountain v/hich. is main 
source of discharge for the rivers and springs- 

(ii) 'fliore o.rc tv/o nrzor canalyOne is falcon off from Ganga and 
other IS from Yanuna, which aro the main sour go of irrigat- 
ion of inclo -Gangotic plain. 

Uia) The general trend of tho linuanent or alignment in the 
study aroa is in SE to NY7 direction# 

(iv) Hio four rnoaor land form is available in the study area i#e. 
raountain hills^ complox of high hilly piedmonts and alluviO'l 
plains . 

(v) The alluvial tract on the southern part of drainage condition 
contains soils with water logging salanity and ahe unity 
which can be oa-sily differ on tiatc with tho Land sat imagory# 

(vi) Bio top of Himalaya Snow la foifflcl.' Bie flomoxcation of snow 
lino on satellite imagery can easily aono but tho aotcr- 
mination of aepth is difficult because its thioknoss varries 

according to se as on and sun irr adianco • 

(vii) Most of tho built up 5: cultivated area lies in Indo-Gangetic 
plain. Because this plain has got fertile land and properly 
irrigated by river and canal. However tho built up area 
cover 5 be 7 ef total s tudy area# 
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(viiDThG Indo -OangGiiic plain is thickly populatecl as compared 

witli the hilly region. The 60 to 70 ^/o population of study 
area lives in the Indo-Gangctic plain^ (Boon Valley)- 

(ix) On the Southv/ord side of lesser Himalayas the main central 
thrust IB found. On the Southern side yet another houndery 
fault ~ the main boundary thrust is found. The Krol thrust 
is also at Chandrapur. 

(x) The most of the area of Himalayan region have lime stone, 
although q.uartzite and phyllite are also seem to some places. 

(xi) The main reason for the faults folds, landslide, is 
oar thq.ual::cG , erosion of soils, deforestation, gazing hy 
cattle, Road Construction etc. 

(xii) The erosion of soil is so fast in the Himalayan region 

that every year thick soil over v/hole Himalaya region 

is wasted away by streams. 

(xiii )Romoval of vegetation of large part of the lesser Himalaya 
is the principal cause of accelerated rate of erosion# 

(xiv) Tho biggest factor responsible for the severe damage to the 
stability of the hill side and promotion of erosion is the 
mailing of unimaginatively planned and cruelly executed 
roads at Hill side. 

(xv) The peak flow of rain v/ater that runs down tho slope on the 
surface increasod, by 69 percent as result of burning 
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foroot, by 34 pcrcont following cloar felling and 32 percon't 
dUG to ovor gazing. 

(xvi) Dug to doforestation and erosion in the Himalayan region 
th.G 40 to 45 percent of spring have either gone dry or 
seasonal. 
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